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located	 in	 the	 southeastern	 Iberian	 Peninsula	 along	with	 partial	 least	 square	 (PLS)	
	regression	 analysis	 were	 used	 to	 assess	 the	 relative	 importance	 of	 the	 different	
	explanatory	variables.	The	caves	were	grouped	according	to	the	similarity	in	their	spe-
cies	 composition;	 the	 effect	 that	 spatial	 distance	 could	 have	on	 similarity	was	 also	
studied	using	correlation	between	matrices.	The	energy	and	speleogenesis	of	caves	




Dissimilarity	 among	 the	 caves	 was	 very	 high	 (multiple-	site	 βsim	=	0.92).	 Two	 main	
groups	of	caves	were	revealed	through	the	cluster	analysis,	one	formed	by	the	west-
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substratum	 (Culver	 &	 Pipan,	 2009;	 Jiménez-	Valverde	 et	al.,	 2015);	
nevertheless,	our	knowledge	of	the	biodiversity	of	the	subterranean	
domain	 is	 markedly	 incomplete	 and	 has	 strong	 geographical	 biases	
(Culver	 &	 Holsinger,	 1992;	 Gibert	 &	 Deharveng,	 2002;	 Deharveng	
et	al.,	 2009;	 Culver,	 Trontelj,	 Zagmajster,	 &	 Pipan,	 2013).	 However,	




subterranean	 biodiversity	 patterns	 is	 crucial	 to	 establish	 measures	






































pointed	out	as	 significant	determinants	 in	 subterranean	biodiversity	
patterns	as	 they	condition	 the	 influx	of	nutrients	 that	seep	 into	 the	
underground	(Pellegrini	et	al.,	2016).
Another	 important	factor	that	needs	to	be	kept	 in	mind	in	order	
to	 understand	 biodiversity	 patterns	 in	 caves	 is	 their	 speleogenesis	
history	 (Sendra	 et	al.,	 2014).	 Contrary	 to	 the	 traditional	 epigenic	
















esis	mode,	 landscape-	scale	variables,	 and	geophysical	 factors	 in	 the	
determination	of	species	richness	in	caves.	To	achieve	this,	the	biolog-
ical	 inventories	of	21	well-	studied	caves	 in	the	southeastern	 Iberian	
Peninsula	were	compiled	and	partial	least	square	(PLS)	regression	anal-




2  | MATERIAL AND METHODS
2.1 | Study area
This	study	was	carried	out	in	the	northeast	area	of	the	Baetic	Mountain	
Range	 (the	 Prebaetic	 System),	which	 is	 located	 in	 the	 south	 of	 the	
Iberian	 Peninsula	 (Figure	1).	 The	 Iberian	 Prebaetic	 System	 extends	
over	approximately	55,000	km2	throughout	several	mountain	ranges,	
from	the	Guadalquivir	depression	to	the	Mediterranean	shore	(Ayala	




Baetic	 zone,	where	marine	Mesozoic	materials	 are	 folded	 in	 thrust	
nappes	and	sprinkled	with	volcanic	materials	(Fig.	S1	in	Appendix	S1).	
Overall,	the	Prebaetic	System	is	characterized	by	its	alternation	of	car-































extension (m) Water Trophic level Genesis
Cueva	de	los	Chorros	(1) 1,122 300 30,000 4 1 0
Cueva	del	Farallón	(2) 1,250 1.2 600 3 2 0
Cueva-	Sima	de	los	Ladrones	(3) 1,570 1 315 2 2 0
Cueva	Secreta	del	Poyo	Manquillo	(4) 1,500 3 296 2 2 0
Sistema	de	la	Murcielaguina	(5) 1,085 10 4,500 2 3 0
Cueva	Secreta	del	Sagreo	(6) 1,000 1 236 2 3 0
Cueva	del	Javalí	(7) 1,520 1.5 190 2 3 0
Sima	de	los	30	Años	(8) 1,383 4 340 2 2 0
Cueva	de	la	Morciguilla	(9) 700 0.5 480 2 2 0
Sima	del	Campamento	(10) 887 15 538 2 2 0
Sima	de	la	Tubería	(11) 930 0.5 65 2 2 0
Cueva	del	Puerto	(12) 495 0.5 5,000 2 1 1
Cova	Joliana	(13) 653 1 1,100 3 2 0
Cova	del	Far	(14) 120 0.8 1,100 2 2 1
Cova	del	Somo	(15) 860 4.5 1,318 2 2 0
Cova	de	les	Meravelles	(Cocentaina)	(16) 1,070 0.5 157 2 2 0
Cova	de	la	Punta	de	Benimaquía	(17) 60 12 208 2 3 0
Cova	Sant	Joan	(18) 250 0.8 15 1 2 0
Cova	de	les	Meravelles	(Alzira)	(19) 60 8 60 2 3 0
Cueva	Negra	(20) 1,180 72 380 1 1 0
Cueva	de	la	Autopista	(21) 90 8 8,000 2 1 1




























2006	 raster	 GIS	 layer	 at	 100-	m	 resolution	 (European	 Environment	
Agency,	 http://eea.europa.eu).	 In	 the	 case	 of	 natural	 vegetation,	
Corine	categories	3.1.1–3.2.4	were	considered	and	grouped	together;	
in	 the	 case	 of	 agriculture,	 categories	 2.1.1–2.4.4	 were	 considered	


























ence	 of	 atypical	 observations	 was	 inspected	 using	 Hotelling′s	 T2 








dasticity,	and	a	 lack	of	normality	 in	 the	 residuals	of	 the	LR	model	
was	 inspected,	 and	 the	percentile	bootstrap	method	proposed	by	
Wilcox	 (1996)	was	 used	 to	 compute	 confidence	 intervals	 for	 the	
LR	parameters	in	case	of	a	violation	of	homoscedasticity.	Analyses	
were	 conducted	 in	 R	 version	 3.1.1	 (R	 Development	 Core	 Team,	
2014)	using	the	“plsdepot”	version	0.1.17	package	(Sánchez,	2016)	
and	the	“lsfitci”	function	(Wilcox,	2012).
Using	 the	presence/absence	community	matrix,	 and	 to	get	 an	
overall	value	of	fauna	dissimilarity	among	the	21	caves,	the	multiple-	
site	 distances	 based	 on	 the	 Simpson	 index	 (βsim,	which	measures	




















for	24.0%	of	 the	 informative	 content—that	 is,	 epigenic	 caves	had	
significantly	more	species	than	hypogenic	ones	(Table	2).	The	latent	
component	was	also	positively	related	to	the	amount	of	agricultural	
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land,	although	the	relevance	of	this	variable	was	low	in	comparison	
with	 previous	 ones	 (accounting	 for	 only	 7.7%	 of	 the	 informative	
content	 of	 the	 component,	 Table	2).	 Hotelling′s	 T2	 values	 identi-




The	LR	model	of	S	 as	a	 function	of	 the	 latent	component	cor-
roborated	 its	 statistical	 significance	 (β1	=	2.827,	 SE	=	0.727,	 95%	
CI	=	1.305–4.349,	 t = 0.388,	 p	<	.001;	 Figure	2).	 Residuals	 were	
normally	distributed	according	to	the	Shapiro–Wilk	test	(W	=	0.95,	
p	=	.336)	 (see	 also	 in	 Fig.	 S4	 in	Appendix	 S1),	 and	 there	were	 no	
influential	 points	 (see	 Fig.	 S3	 in	Appendix	 S1).	A	 problem	 of	 het-
eroscedasticity	was	apparent	 (see	Fig.	S4	 in	Appendix	S1),	but	the	
95%	CI	 for	 the	 slope	estimated	using	 the	Wilcox	percentile	boot-
strap	method	was	even	narrower	(1.529–4.192).	Longitude	did	not	
explain	any	extra	amount	of	variation	 in	species	richness,	so	there	
was	no	western–eastern	pattern	 in	 the	 residuals	 that	 remained	to	
be	explained.








distance	 on	 dissimilarity	 disappeared	 when	 two	 separate	 Mantel	
tests	were	 run,	one	 for	each	cluster	of	caves	 (excluding	cave	#21,	



















Range of jackknifed 
square weights
Karst	area 0.323 0.046 0.015–0.088
Agriculture	land 0.238 0.077 0.020–0.131
Natural	vegetation	land −0.135 0.054 0.007–0.093
Mean	maximum	temperature −0.392 <0.001 <0.001–0.014
Mean	precipitation 0.596 0.041 0.008–0.091
Days	with	temperatures	≤	0ºC 0.527 0.018 0.001–0.043
Mean	minimum	temperature −0.494 0.026 0.002–0.065
Mean	temperature −0.466 0.010 <0.001–0.033
Altitude 0.442 0.006 <0.001–0.027
Size	of	entrance	(log-	transformed) −0.120 <0.001 <0.001–0.008
Linear	extension	(log-	transformed) −0.502 0.030 0.002–0.093
Water 0.043 0.006 <0.001–0.056
Trophic level 0.786 0.447 0.382–0.501


















































related,	 and	 thus,	 it	 is	 not	possible	 to	distinguish	 their	 independent	
roles	as,	in	this	study,	there	are	no	hypogenic	and	nutrient-	rich	caves;	
however,	the	trophic	level	arises	as	the	most	important	determinant,	
with	 the	 highest	 weight	 in	 the	 PLS	 latent	 component.	 It	 is	 known	
that	 the	amount	of	organic	material	acts	as	a	 limiting	 factor	 for	 the	











2006;	 Gibert	 &	Deharveng,	 2002).	Although	 other	 geophysical	 and	
landscape-	scale	variables	might	be	 related	 to	 the	amount	of	energy	





















colonization	 can	 only	 occur	when	 the	 confining	 barrier	 is	 disrupted	
and	 the	 hypogenic	 subterranean	 systems	 are	 able	 to	 connect	with	
either	 the	 surface	and/or	with	other	epigenic	 subterranean	systems	
(Sendra	et	al.,	2014).	The	vast	majority	of	accessible	hypogenic	caves	
are	relicts,	and	most	of	them	are	already	fossilized	(Klimchouk,	2007),	






some	authors	 to	overly	 simplify	 and	underestimate	 the	 role	of	 spe-
leogenesis	(e.g.,	Trajano,	Gallão,	&	Bichuette,	2016).	On	the	contrary,	
speleogenesis	is	important	in	the	cases	of	caves	with	recent	openings	
to	 the	 surface	 (Figure	4).	The	 three	hypogenic	 caves	of	 this	 study—
Autopista,	Far,	and	Puerto—have	experienced	different	erosion	histo-
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There	 are	 two	main	 limitations	 in	 subterranean-	biology	 research.	
One	is	the	lack	of	accessibility	to	the	subterranean	environment,	which	
means	the	whole	micro-	cavern	network	is	ignored	and	limits	the	stud-
ies	 to	macro-	caverns	 (i.e.,	 caves),	 and	consequently	makes	extrapola-






















In	 future	 studies,	 in	order	 to	be	 able	 to	quantify	more	precisely	
the	weight	of	each	factor,	it	is	crucial	to	increase	the	number	of	caves.	
Twenty-	one	was	the	maximum	number	of	caves	that	were	considered	
as	 having	 had	 a	 history	 of	 exploration	 sufficiently	 intensive	 so	 that	








simplistic	model	 depicted	 in	 Figure	4,	which	 nevertheless,	we	 hope	
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